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It has been shown that behavioral therapy has effects on stress and also cortisol levels. This study investigated the impact of self-care stress reduction strategies on
the cortisol levels of 59 urine samples. Stress behavior was evaluated by using written responses (questionnaire). Results indicated that transcendental meditation was
statistically associated with the lowering of cortisol levels. Meditation can relax the mind, leading to a reduction in stress. From this study, stress and cortisol levels do
have a direct correlation with one another. The data from this small pilot study raise the question of its utility as a stress marker in cardiac rehabilitation.

Introduction

Cortisol is the primary stress hormone in the human body
that is produced and released from the adrenal glands in order to
manage the body’s stress response [1]. This hormone regulates
blood pressure, energy levels, carbohydrates, fats, proteins,
inflammation and blood sugar. Cortisol is vital for the body as
it impacts many organs and tissues [2]. Even though cortisol
is essential for the body, the excessive production of cortisol,
which is classified as Cushing Syndrome, is very dangerous
and can lead to weight gain, hypertension, hirsutism, and
osteoporosis [3].

Stress could be defined in psychological sciences, as a
feeling of mental press and tension [4]. Low levels of stress
might be desired, useful, and even healthy. However, high
levels of stress could result in biological, psychological, and
social problems and even serious harm to people [5]. Stress
may be either external to environmental sources (loud noises,
weather, crowds, temperature, pollution, jobs, crime, and war),
or caused by internal perceptions of the individual [6].

A number of studies have shown that high levels of morning
cortisol are associated with high-stress exposure, type A
behavior, and hostility [7]. Controlling cortisol levels can be

difficult as outside factors can cause either mental or physical
stress [8]. Finding methods to help reduce stress is important
not only for the body’s physical health but also for mental
well-being. Medications have already been produced, such as
Ketoconazole or Mitotane, in order to control the excessive
production of cortisol [8]. Several clinical studies have reported
reductions in cortisol levels after behavioral interventions to
reduce stress [1,9]. People have practiced meditation in order
to reduce stress, though boring but speculated to be beneficial.
This study aimed at exploring the impact of meditation on
stress or stress hormones like cortisol.

Research question

Can home-self-care stress reduction strategies help to
manage cortisol levels?

Hypothesis: As an individual regularly practices self-care
stress reduction methods, the cortisol produced in their body
will be lower. The author believes this will happen for both
an increase in hydration and participation in transcendental
meditation because hydration can calm the body down and
meditation can relax the mind, both leading to a reduction in
stress. From this study, stress and cortisol levels do have a
direct correlation with one another, and this is therefore why
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cortisol is a significant stress hormone. Therefore, the authors
believe that the cortisol levels on highly stressful days will be
higher than the levels on lowly stressful days. Furthermore,
that morning’s cortisol levels will show higher levels in urine
than any other time of day as sleep tends to relax the body
while waking up acts as a quick shock into what is planned for
the day.

Investigation information: The investigation was divided
into 4 parts over the course of different days (a total of 44
days) for each part in order to keep the data as controlled as
possible while understanding the impact of different variables
on cortisol levels. Part 1 examined how cortisol levels vary
throughout the day in order to understand if there is a specific
time in which more cortisol is released from the adrenal glands
and what time cortisol levels should be measured for the
remaining portion of the investigation. Part 2 examined how
cortisol levels vary between highly stressful days and lowly
stressful days in order to confirm the correlation between
stress and cortisol production. Part 3 explored the impact of
one natural self-care method, hydration, on cortisol levels to
determine if the method is a possible cortisol management
tool. Part 4 explored the impact of another natural self-care
method, transcendental meditation, on cortisol levels to
determine if the method is a possible cortisol management tool
(Table 1).

Materials and methods

A total of 59 at-home cortisol strips were used for cortisol
levels investigation using the at-home cortisol app.

Collection of urine sample

A sterile container was used to collect urine, with 1 at-home
cortisol urine test strip dipped and allowed to develop for 3-5
minutes. The strip was scanned using the at-home cortisol app.
The variables were estimated through the at-home cortisol app
displays (Figure 1).

Cortisol levels throughout the day (5 days and 20 at-
home cortisol strips)

An at-home cortisol urine strip was taken throughout the
day at 7:00 AM, 1:00 PM, 4:00 PM, and 9:00 PM. The strips
were allowed for 3 - 5 minutes. The strips were scanned. The
tests were repeated for at least 5 days.

Table 1: Variables.
Independent Variable

The time of day the Vessel urine test

Part 1: Cortisol Levels Throughout the Day was taken

Part 2: Cortisol Levels During Highly
Stressful Days vs. Lowly Stressful Days (either high or low).
The amount of water (liters) drunk in

Part 3: Hydration vs. Cortisol Levels
a day.

If transcendental meditation was

Part 4: Meditation and Cortisol Levels performed during the day or not.

The level of stress experienced in a day
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Cortisol levels during highly stressful days vs. low-
ly stressful days (10 days and 10 at-home cortisol
strips)

A relatively stressful day was quantified into high or low.
A at-home cortisol urine strip at 7:00 AM on a classified day
was dipped in the urine. The strips were allowed for 3 - 5
minutes. The strips were scanned. The cortisol levels were
recorded as either a high-stress day or a low-stress day. The
tests were repeated for 5 high-stress days and 5 low-stress
days.

Hydration vs. Cortisol levels (15 days and 15 at-home
cortisol strips)

Portions of water were drunk on different days. The
recommended amount of water to consume daily was 2.7 liters
for women and, therefore, 2.7 L was used as the median of the
amount of liquid consumed. The minimum amount of liquid
consumed was only 1 L because drinking too little water in a
day can cause serious harm to the body. About 1.0, 2.0, 2.7,
3.0, or 3.5 liters of water were drunk by the end of the day. The
following morning at 7:00 AM, a at-home cortisol urine strip
was dipped in the urine and allowed for 3-5 minutes. The strips
were scanned and the cortisol levels were recorded, including
the hydration level (Figure 2). The tests were repeated for 3
days for each amount of liquid consumed (1.0, 2.0, 2.7, 3.0, or
2.5 L).

Meditation and cortisol levels (14 days and 14 at-
home cortisol strips)

About 2.7 L (the recommended amount of daily water

Cortisol /f}zﬁ

]

00

5
— W
] i

2 B
Figure 1: App Cortisol Value Display.

Dependent Variable Controlled Variables
The cortisol level (ug/L) is 1.

present in the urine.

The amount of time (3-5 minutes) that the Vessel
urine strip develops for

The cortisol level (ug/L) is 1. The amount of tlrne (3i5 minutes) that the Vessel
resent in the urine urine strip develops.
P ’ 2. The time that the Vessel urine test is taken.

-

The amount of time (3-5 minutes) that the Vessel
urine strip develops.
2. The time that the Vessel urine test is taken.

The cortisol level (ug/L) is
present in the urine.

-

The amount of time (3-5 minutes) that the Vessel
The cortisol level (ug/L) is urine strip develops.
present in the urine. 2. The time that the Vessel urine test was taken.
3. The amount of water (liters) drunk in a day.
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Figure 2: App Hydration Value Display.

consumption) of water was drunk throughout the day. The
following morning at 7:00 AM, a at-home cortisol urine
strip (Figure 3) was dipped in the urine and allowed for 3 - 5
minutes. The strips were scanned and the cortisol levels were
recorded. The tests were repeated for 5 days. After completing
the days for pre-meditation, practice transcendental meditation
for 1 hour (30 minutes in the morning and 30 minutes at night).
The following morning after meditation at 7:00 AM, the at-
home cortisol urine strip was dipped again into the urine and
allowed to develop for 3 - 5 minutes. The strips were scanned
and the post-meditation cortisol levels were recorded.

Statistical analysis

Statistical analysis was conducted using SPSS, version22.0
(Chicago, IL, USA) for the mean and frequency.

Results

Cortisol levels throughout the Day (5 days and 20 at-
home cortisol strips)

The data time of the at-home cortisol urine strip and the
cortisol level was described in Tables 2,3.

The cortisol levels not only vary throughout the day but
were at their peak in the mornings (Figure 3).

Cortisol levels during highly stressful days vs. low-
ly stressful days (10 days and 10 at-home cortisol
strips)

The 10 days observations of daily cortisol levels were
recorded in Tables 4,5.

The average urine cortisol level during a high-stress day for
me was 160 ug/L (SD = 22.36) while the average urine cortisol
level during a low-stress day for me was 110 ug/L (SD = 33.54)
(Figure 4).

Hydration vs. Cortisol levels (15 days and 15 at-home
cortisol strips)

The 15 days of Hydration and cortisol levels were recorded
in Tables 6,7.

Table 2: Raw cortisol Level data throughout the Day.
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Cortisol Level * 5 (ug/L)

Time DEVA Day 2 Day 3 Day 4 DEVAS
7:00 AM 125 170 155 125 140
1:00 PM 110 155 110 100 125
4:00 PM 70 110 110 70 125
9:00 PM 70 70 70 70 100

Table 3: Processed cortisol Levels data throughout the Day.

Time Mean Cortisol Level (ug/L) Uncertainty
7:00 AM 132.5 120
1:00 PM 112.5 +30
4:00 PM 97.5 +30
9:00 PM 85 +20

Compairson of Urine Cortisol Levels on High Stress and Low
Stress Days

160
140

Cortisol Level {ug/L)
-
=1
(=]

Figure 3: Mean Cortisol Level throughout the day.

During the 15 days of Hydration and cortisol levels, the
cortisol level decreased with a higher hydration level. However,
the linear correlation is not significant with an r-squared value
of 0.5619 (Figure 5).

Calculation of Minimum and Maximum Gradients:
Best gradient from the line of best fit = 3125
(yl + Ayl) - (y5 - AJ’S) _

(x1 —Axl) - (x5 + Axs)

(183.33+25.00) - (141.67 —12.50)
(1.019333333-0.004) — (1.002666667 +0.0055)

Maximum Gradient =

=11045.58242

(11045.58) — (158.98)
= 54433

Gradient Uncertainty =

Gradient = 3125 * 5443.3 (for unit change of hydration)
R2=0.5619

Meditation and cortisol levels (14 days and 14 at-
home cortisol strips)

The data for mediation level which was divided into pre-
meditation and post-meditation cortisol levels were recorded
in Tables 8,9.

There was a clear difference in pre-meditation and post-
meditation cortisol levels. The maximum value (150) and the
minimum value (75) of post-meditation urine cortisol levels
were significantly lower than their counterpart maximum and
minimum from pre-meditation urine (Figure 6).
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Table 4: Raw cortisol level data during highly stressful days vs. lowly stressful days.
Cortisol Level (ug/L) on Cortisol Level (ug/L) on

Low-Stress Days

High-Stress Days

175 75
150 125
125 125
175 75
175 150

Table 5: Processed cortisol level data during highly stressful days vs. lowly stressful
days.

Standard

deviation - st Lower Upper
Cortisol Level R Quartile Quartile
(ug/L) (ug/L)
H'ggf;;ess 22.36 160 125 150 175 175
Lovgas;;ess 33.54 110 75 75 125 150

Mean Cortisol Level (ug/L) vs. Mean Hydration Level (sp gr)

210

190
y =3125x-3014.6

R?=0.5619
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Figure 4: Comparison of urine cortisol levels on high-stress and low-stress days.

Table 6: Raw hydration vs. cortisol levels data.

Days  Liquid Consumption Hydration Level (sp gr) Cortisol Level (ug/L)

Day 1 1.0 1.014 150
Day 2 27 0.999 125
Day 3 3.5 0.999 150
Day 4 1.0 1.022 200
Day 5 27 1.020 75
Day 6 3.5 1.010 125
Day 7 1.0 1.022 200
Day 8 27 1.014 150
Day 9 3.5 0.999 150
Day 10 2.0 1.008 150
Day 11 2.0 1.018 125
Day 12 2.0 1.006 125
Day 13 3.0 1.018 175
Day 14 3.0 1.012 125
Day 15 3.0 0.990 75

Table 7: Processed hydration vs. cortisol levels data.

Liquid Mean Hydration Average Average
Cons:m tion Level in Uncertainty Mean Cortisol Uncertainty
ump sp gr (Urine in Hydration Level(ug/L) in Cortisol
inL 5 q q
specific gravity) Level in sp gr Level ug/L
1.0 1.019 0.004 183.33 30
2.7 1.008 0.02 116.67 40
3.5 1.003 0.006 141.67 13
2.0 1.011 0.006 133.33 13
3.0 1.007 0.02 125.00 50
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Discussion

As an individual regularly practices self-care stress
reduction methods, the cortisol produced in their body will be
lower. Cortisol levels throughout the day (5 days and 20 at-home
cortisol strips) showed that as the day continued, cortisol levels
decreased, and the cycle showed morning as the peak when it
was repeated daily. This part of the investigation confirmed the
hypothesis based on this research as the morning being at the
peak. The cortisol levels during highly stressful days and lowly
stressful days showed that during more stressful days, the
cortisol level found in urine was higher than the cortisol levels
during low-stress days, certifying the relationship between
stress and cortisol levels, further aligning with the research’s
hypothesis. The 15 days Hydration and cortisol levels showed
a lower cortisol level but a higher hydration level. However,
the linear correlation is not significant with an r-squared value
of 0.5619 which concludes that the correlation was not very
strong. This means the managing of hydration is not really
effective in controlling cortisol levels, therefore contradicting
the hypothesis. The data shows that hydration is not a major
factor in stress, even though it can still have an impact.
This low correlation makes sense as stress can be caused by
a variety of reasons such as school or relationships. Also,

Cortisol Level (ug/L) Pre-meditation and Post-meditation

-

120

Cortisol Level (ug/L)

80

60

@ Pre-Meditation B Post-Meditation

Figure 5: Mean cortisol level vs. mean hydration level.

Table 8: Raw meditation and cortisol levels data.

Pre-Meditation Post Meditation
Cortisol Level (ug/L) Cortisol Level (ug/L)
Day 1 175 Day 8 120
Day 2 150 Day 9 130
Day 3 150 Day 10 150
Day 4 150 Day 11 150
Day 5 110 Day 12 110
Day 6 125 Day 13 125
Day 7 150 Day 14 75

Table 9: Processed Meditation and Cortisol Levels Data.
The first Median

value (50

percentile)

Third
quartile (75*
percentile)

Maximum
value

Minimum quartile (25%
percentile)

Pre-Meditation

Cortisol Level 110 137.5 150 150 175
(ug/L)
Post-Meditation
Cortisol Level 75 115 125 140 150
(ug/L)
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Figure 6: Cortisol level of pre-meditation and post-meditation.

the data measurements may not be accurate by themselves
which can be seen in the large errors of uncertainty. First,
the hydration level not only depends on the liquid consumed
but also on the food consumed, though this research never
standardized the food consumed on these test dates. Hydration
also depends on the activities of the day, though the practical
follow-up on the activities during these test days was not
assessed. The data for mediation level which was divided into
pre-meditation and post-meditation cortisol levels showed
there was a clear difference in pre-meditation and post-
meditation cortisol levels. This confirmed that cortisol levels
can be naturally controlled with stress reduction methods,
such as meditation, and further lead to an improvement of the
body’s overall well-being. Other investigators using different
patient populations utilized cortisol as a marker of stress in
conjunction with the self-report of stress levels following a
variety of stress-reducing interventions [1,2,8,10] Regardless
of the duration, stress-related reduction programs do elicit
similar positive psychological effects but with inconsistent
changes in physiological measures [8,11].

Conclusion

In conclusion, self-management program such as
meditation shows effectiveness in the self-report of daily
stress reduction. Also, our results partially support the original
hypothesis of having natural stress-reduction methods to
manage cortisol. The hypothesis is only partially true as only
one of the two methods tested, which was transcendental
meditation, produced a strong correlation with cortisol levels.
Hydration which was the other method of stress reduction
demonstrated a weak correlation with cortisol levels. Even
though only one method was proven to be effective in reducing
cortisol levels, the findings reveal that it is possible to naturally
reduce cortisol levels. Further investigations can be executed
to find more possible methods to reduce the cortisol released
in the body. Stress-reduction methods are important as it
improves the overall well-being and quality of life of someone.

Limitations and recommendations

The current study has several limitations. First, this study
had a low number of participants. Second, urine collection
may be a burden for the participants. Furthermore, salivary
cortisol levels have been used in many studies [12,13], self-
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report stress response [14] and intervention effect [1-3,15].
The collection of saliva for cortisol levels is less burdensome
for the subjects as compared to urine. Third, this study was
unable to verify subject compliance with the desired protocol
for urine collection. Although subjects were instructed on the
importance of following the study protocol, subjects were not
asked to report the collection time. In spite of those attempts, it
is possible that the samples were not the first morning voided
urine. Fourth, this study couldn’t test cortisol levels at severe
dehydration levels as it would put participants’ well-being at
risk. Further scientific study is necessary in order to clearly
analyze the relation between hydration level and cortisol level
in humans. Fifth, Error in the at-home cortisol app and urine
test; as the urine strip was scanned through the app, the data
values could be slightly inaccurate or be invalid. This would
impact the entirety of the investigation as cortisol level was the
dependent variable measured in each part of the investigation.
To further account for this issue, the investigation should
be repeated with two urine test strips produced by different
companies. This would allow for cross-checking the values
collected from the urine test strips.

To continue expanding our understanding of cortisol, other
variables that can impact cortisol levels, such as age, gender, or
external illnesses should be included.
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